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|00021 Orgaaio light emitting devices ("01 BDs"5> 



vis« d 




* as OLED display area t? 

. Fig. 1A is a si 
a (cros^ec&xaai view) of att OLED structure of the prior 



1 14. The active plxsl 15 is« 



WO 03/052842 



ii 1 iig! from the! ten a ay© bW 
ugh hv . > s I ! >) f^i iter 
substrate 10 and aaode 32 are formed of tnonpacent material*. The cathode 16 and 
, fe -i ikwA, feoso 1 ,1, . ! i Mrg ; < i 

|0005j Other OLE0 . • ? , - are also brown , art, v i « r 
emltmig" OffFDs and transparent OLED? for "TOLEDs"}. For top-ej&it&ig 
Y) x„ , n , 3 , ,j ! (, j fe j ? 1 on 



3 :6 : v4-!b ?be 



asrode 12 need not be naxaepaxent In oi 

positions of iEe anode 12 and eaifexb 16 hs Fig. i A aie switehed as il 

i I si t* U f« ^ v t K ~ isCd h .in 3 

16 east be opsone. This is; soixseomes referred to as an "inverted" a 
(00061 For TQLBDs, in which light k exited in hoife tip and down directions 
(that is, oat of both th& top and bottom o f the device), ibe substrate 10, anode 12, 
cathode 16 and coyer 20 axn a.0 transparent. The con%ux*iiotn oscd can be like tin 
of Fig. I A or that: of Fig. IB. 

h i d i M i r , O t 1 b t o ! 



However, reactive ioeiak and their nasifece wnh the o 
. ai'i I < s t 1 t tvh txb? sexue! h ^ , c vc b v 

connection ws :h Ol.BDs. Various barrier regions ass known in the art for excluding 
■, > - ! , i s \ > h k those 

discussed , U.S. Patent Nos, 5,757,126, 6,145,225 and 6,26SU9S Ore entire 
discloses of which are hereby incorporated by reference, 
f" 0008 j It is aiso known t the art to make nae of distributed Bragg reflectors 
N H v ,« , \ < t b. ' bbv r 



wo tymsmz 



thai aw typically basso upon &s u se of a so c-- 



v of she emitted 

light Examples of such straeiures can be found, for example, in U.S. Paten- No. 
5 >74 ; 636;oI xkba sur« S n 5 to )o hs > T « si 
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[001 2] fc some instances, kbe m <, e snick is provided between u<- 

< v FP r . v v - v ' i < » > * p <v < f ^ \ > J J^w < 

can also ! hsnspsrest in these iristaocea, m which case a farther quarter <mu 

second electrode can also be epopee, hi svhicb case it s preferably refexaive. 

> 1 

and ase second eieeCrode is ossosporerat. bi these instances, fee brat electrode ess 
b i\s\, i \ , egp&qae electrode, > vvhrch ease b ia prebssaMy rehlechve, 
[00141 s p * 

is provided < cexorpnses: (a ; a transparent sabstoate; (b) , OIM > over the 
bamaparesii snbxtoate thai: eotnpnsea a traospaieid axaxks toi exasston regies above 
,< i s u <> hip 

vtd v -< , < > v <. j ! m t ku p> ^ 

uarfetM ks. v n Ubban \ * he 'it ) 

K , 30 s < > s > n 1 ) 3 3 c ^ xiu M 

t t US <M3„ ' 'J 

1 e ■ - i ■ o index. 
n*\n-< a ^<hi(V$i a Us ;ob , i . ^ ,m <ad ^i.iXiJtQ 

i J! i i 5 ! 3 <. 3! di X i 3? 

OLED. Moreover, the phanasiaiiga layer?: ami the bighxienahy layers cooperate to 
restrict tsaesto iasivxn of * ; and. oxygen. 

[0016] s s i 5 tmc i - 

. ' I i < ! i ' ii; v 

f o v 1 > s b ^ anode, a;r enoaxsioxi region above the xebeenve anode and a 
M^pfijeti 'x above the emission region : wherein the OLED emits; light 
having a range xrtvvaveisrnbbs v.pox; being ionied on; i . < > a qeasgenvvave stack 
over b OLED, has qionreowave stock eoxopnxbag an ahsrsnxhtjg series of 

P t^ -xu 

a second retractive index thsa bisters brosa fee fefe retractive bidex.. As abovs, the 



WO 



;P - . oh < ' i 1 

eoibodirseot axe selected soch Hurt the rstmrter-wave stack ris mxred to Iraoarrdt light 
it .3 ;x A 'IT'* 
the piaoarsxing layers arte the high -density hyexs cooperate to restrict fcammissiaa 
of wales and oxygen. 

(IMfFj < 

barrier properties sat! be sirxmPsixecosly provided by a single mrdrlDyer stack. 

will become readily apparent to those of oxdroaxy skill in ike art mx.sx review of the 
disclosure to follow, 

ITEFD iCRI H )N OF TUB I) x N( 

sectional views) of known OLBD struetees, 

! ! % * Pip. 2 is a schematic cross-sec tknxa; view of at! OL.ED structure, ixt 
oceoxdaxt * o 

{0021] ' i di > o u 

accordance eddx soother » > I of the present xtmxjndoo. 

|00221 hig. 4 la a schotsatic ctoss-sectal view of an OI..HD structure, in 

[0O23J As is eoxnmcmiy the case Mti sfaoh the above are simplified 

schematic repxeseirtadoo.s axsi She axausi sixuoix-res will differ in ouxneroas respects 



DETAILED DESCib.ll J Ql i vVENTP 

[0024] The presets motion sow will be described mom iblly bereinafer wit: 

ixwention are shown. This ioverdioa may, however, be embodied to different fbnxr 
and should not be construed &s limited ;■> Ere omboduoents set forth herein. 
* \ <.*■ -v it < i-o t ,\ 
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ma uUfeon ^xe-.s r-ra f <- , < j > s s 

i p i i v « -h 1 J ■> a* s s 

h W? i - " !i 

Mayers" 

|002H ^ « s . , h V 

ri , d O s v 0 ^ lJ » ? * » 

this case, »qwartaMWwe stack 320*5, an OLED 140, and a cover region ISO. 
[002"] The OI.BD 1 40 can be any OLED known is the art For example, as 

>t\ a vi \ Oi O ^ S i j b 

as the anode and cathode for she OLED 140. The QUID 140 also includes * ligfct- 

!tm h 1 n > i < s % n ;h 3 1 3 * 

146. 

10028! 5 * 3 . i 3 v «. n ! - ^ »» v ; * o d \ < i t v t, i 
avmhe ofl »wn< igata ons, mc <& ih ! >wi g i 8 ee-Ias t 

t. \ U x ** , C *K 31 

, - o , > }i J v U ' ! * i v O l 3 i U 5 > 3 >) i < > 

layer conSgwrttwn compraiagft Itofc transport^ layer and a layer that provides 
bo& eniissioo and roa ! * « >n > to ryes ^figuration 

v U f . > 3 ! " I'l'i^ ! J 

are! dob; aasspotting fn:oco.o:as ("i.e., single hereTcamaetare corporations) and (c) a 

, , n „ n Kn < n s |l , !<> sf . t , m ^ oi 

iraT-sonrbxnr and emission fnecmms (de , a single layer cords ga s ratio n r Us each 
configuration additional layers may aiao be present, for example, layers ll -at 
n ! < . j Os 5 or la - s olss < ' 

nieeiross, Several atracmres for s devices are dsscncced, tor exarnpie, in U.S. 
Patent Mo. 5J07J45, the entire dhsck:a:ure of which is hereby incorporated by 
reference. Other more complex OLkD aTelniecmres are also practiced hi the art. 

ut^ "(tJ of the elecirorle region 146 and t quarter- wave stack 
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120, Hr o . sA o sv r t ' . > <" ! > - < - ^ r * c v !3 - vv; ' a ' 
* Aretha v J n> >• i s »« o » J > s 

k *■ t.isf r.t * 5 1 f « 

thexngiox; of imeress (in Uiis case, electrode region 142) b low, with 

*ou30* v s ! 

hi, *.ht & ' " v v ' < b < n s> tit 

, . t , S > iU •> 1 

v , p t; > spars nay ;x;av kaknde t^etiii/^-etai < >. : • > ash > v k> 
AgdTO, LukAlkTO or other Tnarerkk knows m ike arl 
[0031 ] In k > •> t ft e,r, tU m v * * < - i- t ^ - m-uum j „ I ><P 
which u; a preferred smbodaoersi for v. structure of Fig. 2, s sabmxak- 1 10 is 
xaaspa nt^wMteihecov* 15C Mdnotbet > eo Ob tec »d ©gioB t4( 
m &is eosfigaralionisiirefa&ik formed ion » teflective matcscjal for ex&mpfe, to 

mt- v*u , <. n ♦ u vJ« «. v v k i { iskr 

o m u\ ha b » m j S«;xg ) finuw k reO f d 
wpiesdiy at bast W%. 'Wkcre «\ region 146 ;s selec&'d to he a cuV K 

mater;ak o.f aopxoguato xefkckvky t include akoohxorea k ^ t 1 < 

(11! - 1 ^k > i- v« si) 

a <. , v o < s = ft k 

appropriate reactivity naay ixiakak gold, chroxoiatra nickel, plakoam. or other 
u. , 

,00*2] v ' <■ * ' 

i ) Jt > ! h ^ ^ ^ - ^ N v < 

transparent. Appropriately ■xasisprax-ot rerraoaak fox ekcixoole rogtoo ; 44 are those 
discusssd above in coxineckox; with eiecbxxk region 142. 

}"0033] 1 ? liia ^ ; xvbeo ik clevics. o dkg Inai ;g-i xot ktaD ih < t 
ISO aad sk.n skekods region 146 u < 

[0034] Ons paitka iarly preferred co?ii%unttbo for the device of Fig. 2 is a 
T 



WO 



boosan-etnitdng cord%m^k;n m wtnoh. substrate 1 5.0 is a ha:aspatea.t substrata, 
electrode region ! 42 is a transparent anode and electrode region )A6 is a reiseative 
cathode, 

l,f!>\\ , ( < t 5 hi i ^ 

t <\ a $ a anbtibe/«r rai:aor (is this case, a quarter-wave stack 220) is provided 
oycx deoftnde re:,aon 246 and opposite the sabstrate 210. 

00^) It. s vt K 

iniiiuw stack 220 of fae present ;&vaot;onto block *U K\! -oo). < 
bannfoi species in the ambien;: environment a separate eovex is act necessary re 
this entbodiauan, 'live quartet: ■•vsave seebc 220 is shown as being provided directly 

b tgem 

3 S.r t »5 i << i\ s ^ s< 

":i'i.r ' v hiuu <«) ^ o it '^u vi'^u i ^othes 

iv-rjlh, dv t^s a p,v t > , a s sM< rrhe r 

[003"] n\ . w . jt.li t~ fxt.vM t^t. ^ a* p s x 

fonae^b * £) u < n ( i »u ^ s n , , >m ^Os-^aove sax 

220. »v v E)tt i 

1 0038] f 

is a TCd.£D, ibe substrate 210 and 0 aiecinxh: repeat 242 are - transparent. 
10039] ' 2\ * , > - ^ 

o tin; sO'eelnte cb'big, lb tire eieaosxk region 242 caa i)C fened from a refieodve 
materia;, for e.rnnpie, to intensity Pie cavity effects of the device. Aireesaoveirc 
the: eiecbode region 242 can be formed ircno a aoropareni matured in lie; ;op- 

i UVit 

[0040] ^ i i ! 

( ape 246 is preferably a rxdhrxk. Que patbctdarly preferred corbhyaontenis a. 
topxtnbibng ecnbiguratkn ia nabob eiectrode regtor; 242 is a rebecim; anode and 
ibnt od 5 > d> n > is' 1 *?!! o 

|0f4l N ] , t > - 
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sfeoarates an OfeBD deaaca 300, afefech incudes a substrate 310, two multilayer 

mirrors (in this ease, <partec-wsvs stacks 27m, 3001:0 and an OLED 340. A 
ak c\ . x i v effect is tbsmed by the coafeixsatxax of the quarter- wave stack: 320a and 
-> quaner-wsve amok 320b. The eiecirode regions 342, 340 ik n ev e > e-sv re 

this esxabod fere su. reread'- s-retoa -fe s t fee;. a. lyres < Sretsrefe i < 

346 is a preferably cathode. 

[004 21 fere OLED ere: be bottasnreiXifei:xre lopresmtbsre; or tTa;reprevaoi, arai 
}arer;xetatfe:re rmrifef so tbosa dreoreared above oppiy For exreupie, retxere she 
device ie a TOLBD er a Irefesxeereiferaa defe:e ; the sobsrefee 3 10 ;s feurepareret. 

- s v 0 s>s tarn 

(4 ad 4:4.4 . m,ox 

00 M "> ! 

s jbM ite !' to 1 ' 55 -> iu i fesed So be 

. 5 ' ' Typical x;reiereak ••< sbese p S feohsde potyaxera, x< e \ 
re-x;reorKfee1 

j004-f > > i erejeprerf b\ 

] s o a sisea < « * fb xbsts t ssi covers 5' s do 
a x < to ; v is - i s > 

eorstigoaafeosre for oaoaxphy is- die aaaa of srsesal areas and foils. .FfeafesTed soetafe 
for this purpose -rabade afera.isvaua goaf, oiefefe sucked as soys ami orereop as well 
as other ;rembs faaowsx re tire sat. 

provide good siaxareaxes-cp However, se;recorEdEKaore do offer good barrier 

] , s re \ , m - to 

I s b> e 

HOMO] Cfexaxaxfes re low p re > * ax;d p;x;vide 0:a»spa<efiey fe 

eases. Preferred eex&sraoa sre gsassea, -score pifefeubfe aeda ferre arid boxosfeeaae 

glasses; 

00)471 Polyraexs arc cram preferred , ^ trarepaxoarey fe desired. 
However, disc to the pemi«abi% ' * s where a polymer is selected for 

9 
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l « v S s 3 < > 4 < < t 

snppik-d. If desired, the mult; layer nbrror of the presort a; veabloia can provide this 
function. 

selected based on one or more baseheiai eisxoeterisdes : axbrailag optical 
h t <. x s flftx;bs.l;tj- aod ixsirbnrsbahty to other aaebaces, daaeosional 
stability during procewaog (e.g., xvhsrs weibb-ased poxesaaag is eouteatpbbsd) < 

d. o \ , h < < 
i t^> stack 1.20 lathis rnstasce}, 

{0049} t > ^ t • < 

fabric, racial hay flexible' glass (available^ ^ x \ < Scbost Glass 
U esadGr polyrsar -parr. More x a » flexible sobstraee t b 

are those that easreose i or more polymer eornpoa-ents, brohabng i » t 

j. , t ■> » t \<'> xavi ^aotie ! x u \ t! In >p<hnx> that ure 
f bi ^ oi poo axag j s on < o as e 1 >w< v h > b - x ( v t G Suoa poh axr 

.at to s as i - i o. x cx;ixapSe t iBCOJia.«ft5:iOi! v.hh >^ <^x I m\ 

<o<!Atv6 

x>\e v - a p > a 'x 5 < < - - -"a' ' ♦ a I . ir Jc- 
polyacrybries. polyhrbdes each as i i < available t ! ftd'xt 

iu<io i sacb as AslsG ihsaropeiyioer available boat fbtareywefb M a 

FNB p< e \> available bora be Goodrich aaP * a- - available ■ r BF 

' . a > I J - x <• 1 10 a: tbra arstaaee typically ranges Port? 75 to 625 
microns is tsjctaiss. 

> x > tu M'! 

botb layers of plaxsrisrog material 121k ash layers ofbigiodemety axdersb 122a- 

e. These cooperative barrier layers arc provided ia an aiteomong eoringurstxni. 
Preferably, 2 to 10 pairs (or rooms of tbese layers are used. Hence, while three 
pairs are ilmsis&teti ia big, 2, other layer v. < ; < ere \ -. Moreover, 
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t ,<net, s ot« j a t v n ls> \« > u 

6,224,948, sack of which is iacotporated by reference herein m its enfeSy. 
10055) lik sekx ing layers of plana* ring n rte \&\ J21a-c »nd la 5 rs huh 

s atymfitei ;2a-e pptopriate tra sparer^ jndoi s« 
refractive indices, a muiobya mirror cm he formed ftoftnbfc. each layer m the 

b < u i ^ n— ^ . ^ ^ ♦ 

travetagth, a dkhibuikm of wavelengths of light k typically temifced through 
ninUibyer murar structures, meSudmg tee of the preset inrattoo. Hoover, so 
bog as the layer thickness are in the vicinity of a/4, peak ■* , m o levels will 
acwnJiagiy occur b she vicinity of L as is known m the art (As a resuh of this 
distribution of transmitted wavdsrjgihs, « bom light of a pariicebx wavelength is to 
,s of fe layers should 



1 » S 

commonly retold to a «qimte'VWve.8W^-t»«4 o».tte ftk*MMK» of the 
layers within thenr. Be imsruissi viry/refioefhoty of fee muMlsyer minor depends 
m a known ^ay upon i number of layer paus : the ' nl p and tU 



jOOSki 



for U-v 



cofoiei; 



o is polyaei-y 




<}20 5 can be found in Figs- 2 and 3. ' 
ma! 22!a-c l 32]a-cand1ayvB 

t> is .formed over a substrate 310. Ob the other 
b oJ i ^ » Oe >U o^-h nd U, otmJo< - 3 t ^h 

OLKPs 240, 340 acting as the "substrate" o Use t vq , tl applied cooperative 
barrier layers 221*0, 222a-c, 321a~e ? 322a-e. 

r0058) \\ i hep cut i bobs. t described with respect to 
are many other variations of the abov*. 
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sunde stood thai mt *n*tau» rev ithia h r chmg c tkep v» inveo t 



13 



WO 



1 . .As OLED ^e ^ ^ x* ^ 

a substrate; 

' d < > f ^ 

ax ) - m> s > i v < - ' v 

regiorx, and sxrxx OLED erahxag light having a xaa-ay of svavexnyyha a-,xx; hxan.g 
Ixxnad or,:, mvi 

a xxahbEyas nxnaxa over ,xa:d axtbstrate, said QxrhiEyer xaxrox exaxprxsrreg ax 
afaaxsanay series of (a) phraaxxhxx; layers having a fits; xxaxxer.hx ix-dex axd (b) 
h:gh<fershty layers having a seexrai rahacisve xadax thai differs fan a sxod fa si 
adt.a-i.v. index, 

" her*, it k , u u k o s p it y < n >? ra 

iayars axe ssjfexed \ > > aaxi nxxhhxyer. aui as tuxaed to ! f ^ .n light ( a 

i ^ f » p xxx 

'•a,, a- 5'Nf»" va'a; -nd tsxygea.. 

2. ? OLED rarxetajx of i 1 ; airexehx } < xaxitlkyer wfcmx is a quarter- 
wave stack. 

3. Tlx OLEI) sixnxaare srf Oaira 2, xixx-xax xxd xianareaxiy layers eenxaxxae a 
•naivaa.a; seDcxed frexn txaxxxaea pxiyxxxy parylenea. ayekxen.ea aad 

4. The OLED xXacnxre of nlaxnx 2, vOaxsxn raid high density layers oonxpnse a 

- v v. v. v. \- ' k i << ) , 

sdummum eaxxkxx iiiaxaxx oxidesx exhaxx fin oxkisy xi»e ixdiuxs tax > a sad 
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5. The 0LE.0 simcfase of claim 2, wherein said ; living layers comprise 

wxma oxsde. 



7, r < t r « 

device, 

8, Hie OH.P structure of ofe 2, said 0X^0 device is a bottom- 



P k V >sOK < ,h v s < V i „ 1 M v 

xtv t '? < ) }Wfr«e. and *herc>„ m>' It i\ ^h, 



13. The OLED aturo;^ of chin; i 0. v/asrsoi said, second stedrode is a iranspsiratit 



IS 
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14. IV OLFP nnnn^ of clnra ■ ' ' r<,cm -,a: ' : • , e^t : . * - 1 
anode and said second ekotrode is a trwMpawrt cathode. 

» said OLBD and whsredi said ssccjtd electrode is a n > electrode. 



17. The OLBD Picture sakaarro 16, \vherciri said in si Oieoteoae ^s a rsaseaav;; 
anode. 

\ <■> > 

a nansn:«erit subs; -'ats:. 

m DIED over said iiatispaxent substrate, said OLF.D eonrprisbg a 
^parent ataxte, m srnisskss regions .over said transparent {mode aad a rsfiective 
eitruxk s vados x a u s 1 * 5 i « o 

seavekngths i "being , on; > 

iiin ^ 1^ << ! - >d<> I 1 i ) sk i ~0! 
? < a k . >nc:.y« < . i ' t n« > , r s r , . > ,a ( sac, 5 is r * n 
s iVn :\-hha<:hve index and kg hsgkokasky layers havka? a second refraenve knex 
< n ig n.15 st tt uuK x 

wherein the d „ <. of said «, > ^ layers and of said . K «i'f , > >v 

u *. « j ! tn i x < is t h I i > 

peak wavekoylh eakhn; «od rare;s os syawiieiig-ha, and 

wherem said pianaxisiag iayets and said bifyh-demdy layers cooperate to 
reseat; transmission of -annex and oxygan. 
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m Ol.S.0 over said substrate, said OT..BD cempmh 
maaAm region over said xeflecdvs anode and a transparent catfcr 



ars alternating series of fa) phsari?J;)g layers h&viag a first teftacUvr; rodex and (h) 
Mgh-dmrity layers having a second refractive index that differs ftora *aid first 



wiHsrak th, 

uo k kc u J such m said qrtr-wavc slack is tuacd k> to rnsmil Hght at i 
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Fig. IB (Frier Art) 
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